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ABSTRACT 
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"(8&"01&(/%U%1(::%"(1(*&#"%WU6aXF%7$*#"&+,&:?2%&'(8(%"(1#5,0&0#,%8&(*8%(8&+D:08'%8*(10-01%J%
+,/% U% 1(::% $($#"?% &#% &'(% (,1#4,&("(/% *+&'#5(,F% U'(% 1#$*:(K% 1##*("+&0C(%
#"5+,0[+&0#,% #-% &'(% 0$$4,(% 8?8&($% 08% +1'0(C(/% 0,% '05'("% C("&(D"+&(8% &'"#45'% +%
1#$D0,+&0#,%#-%&'(%0,,+&(%+,/%+/+*&0C(%D"+,1'(8F%VC("+::2%&'(%0$$4,(%8?8&($%=#";8%
0,% +% =(::L#"1'(8&"+&(/%$+,,("2% +,/% (C("?%$#:(14:(% +,/% 1(::% &?*(% '+8% (88(,&0+:% +,/%
1#$*:($(,&+"?%"#:(8%0,%&'(%*"#&(1&0#,%#-%&'(%'#8&%-"#$%*#&(,&0+:%&'"(+&8F%%
!#"%(K+$*:(2%U%+,/%O9%1(::8%,((/%&#%1#$$4,01+&(%=0&'%#&'("%1(::8%0,%&'(%#"5+,08$%0,%
#"/("% &#% 1##"/0,+&(% &'(% 0/(,&0-01+&0#,% #-% 8(:-2% ,#,L8(:-% #"% +:&("(/% 8(:-F% )0"(1&%
1#$$4,01+&0#,%D(&=((,%U%1(::8%+,/%+,&05(,%*"(8(,&0,5%1(::8%W>H6X%08%+1'0(C(/%&'"#45'%
&'(% 0,&("+1&0#,8% #-% 8*(10+:0[(/% 1(::% 84"-+1(% "(1(*&#"% $#:(14:(82% 841'% +8% $+]#"%
'08&#1#$*+&0D0:0&?% 1#$*:(K%1:+88% 7% +,/% 77%$#:(14:(8% W.36L7%+,/%.36L772% "(8*(1&0C(:?X2%
=0&'% U6aF% U'482%.36%$#:(14:(8% 8("C(% +8%=0,/#=8% 0,&#% &'(% 1(::82% /08*:+?0,5% +&% &'(0"%
84"-+1(%0,&(",+::?%*"#1(88(/%*(*&0/(8%+,/%*"#C0/0,5%+%D+808%-#"%U%1(::8%&#%/08&0,5408'%8(:-%
-"#$%,#,L8(:-F%V,%&'(%#&'("%'+,/2%O9%1(::82%0,8&(+/%#-%480,5%'05':?%8*(10+:0[(/%U6a82%48(%
%%
%
@%
+%D+&&("?%#-%+1&0C+&0,5%+,/% 0,'0D0&#"?%"(1(*&#"8% 0,%#"/("% &#%/08&0,5408'%8(:-% -"#$%,#,L
8(:-F% U'(% D+:+,1(% 0,% D(&=((,% 805,+:8% &"+,8$0&&(/% &'"#45'% +1&0C+&0,5% +,/% 0,'0D0&#"?%
"(1(*&#"8% /(-0,(8% &'(% -+&(% #-% O9% 1(::8F% 7,&("(8&0,5:?2% .362% ='01'% 08% +,% (88(,&0+:%
$#:(14:(%-#"%U%1(::%D+8(/%0$$4,(%/(-(,8(2%+:8#%*:+?8%+%*0C#&+:%"#:(%0,%&'(%$#/4:+&0#,%
#-%O9%1(::%D0#:#5?F%.36L7%$#:(14:(8%+"(%81+,,(/%D?%U%+,/%O9%1(::%"(1(*&#"82%&"055("0,5%
(--(1&#"%"(8*#,8(8%0-%&'(%1(::8%+"(%0,-(1&(/%+,/^#"%+:&("(/%W0F(F%1+,1("#48XF%7/(,&0-01+&0#,%
+,/% (:0$0,+&0#,% #-% 0,-(1&(/% +,/^#"% +:&("(/% 1(::8% 8'#4:/% D(% C("?% "+*0/% +,/% &05'&:?%
1#,&"#::(/% 8#% &'+&% 0,-(1&(/%#"% 1+,1("#48% 1(::8% /#%,#&% (C+/(%/(&(1&0#,2%='0:(%'(+:&'?%
1(::8% +"(% ,#&% (:0$0,+&(/F% U'(% 805,0-01+,1(% #-% .36% +,/% &'(% 48(% #-% .36L7L"(8&"01&(/%
*(*&0/(8%0,%&'(%"(54:+&0#,%#-%U%+,/%O9%1(::%(--(1&#"%-4,1&0#,8%08%&'(%$+0,%-#148%#-%$?%
8&4/0(82%='01'%=0::%D(%/(81"0D(/%+,/%/081488(/%0,%/(&+0:%:+&("%0,%&'08%&'(808F%
1.1 MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) 
.36%5(,(8%+"(%:#1+&(/%#,%1'"#$#8#$(8%i%+,/%BM2%0,%'4$+,%+,/%$#48(2%"(8*(1&0C(:?F%
U'(% .36% :#148% 08% *#:?5(,012% (,1#/0,5% &'(% .36L7% 5(,(82% '4$+,% :(4;#1?&(% +,&05(,%
W3b>XL>2%LJ%+,/%L62%+8%=(::%+8%&'(%.36L77%5(,(82%3b>L)H2%)n2%+,/%)a%0,%'4$+,8F%U'(%
1#""(8*#,/0,5%.36L7%5(,(8%0,%&'(%$#48(%+"(%W3L@X%92%Lb2%L)2%+,/%&'(%.36L77%7L>%+,/%7LEF%
7,% +//0&0#,% &#% &'(8(% 8#L1+::(/% 1:+8801+:% .36%$#:(14:(82% 8(C("+:% *"#&(0,8% 0,C#:C(/% 0,%
+,&05(,%*"#1(880,5%+,/%*"(8(,&+&0#,2%0,1:4/0,5%&'(%&"+,8*#"&("%+88#10+&(/%=0&'%+,&05(,%
*"#1(880,5% WU>HX2% ,#,L1:+8801+:%.36% 5(,(82% 8(C("+:% 1#$*#,(,&8% #-% &'(% 1#$*:($(,&%
8?8&($%+,/% 1("&+0,% 1?&#;0,(8% W841'%+8%UO!X% +"(%+:8#%(,1#/(/% 0,% &'(%.36% :#148F% U'(%
.36%5(,(8%+"(%'05':?%*#:?$#"*'01%+,/%$#8&%#-%&'(%*#:?$#"*'08$8%+"(%:#1+&(/%0,%&'(%
*(*&0/(LD0,/0,5%1:(-&%#-%&'(%.36%$#:(14:(8F%!#"%(K+$*:(2%0,%@AAT%$#"(%&'+,%@AA2%SAA%
+,/% BAA% C+"0+,&8% #-% 3b>L>2% 3b>LJ2% +,/%3b>L6% 5(,(82% "(8*(1&0C(:?2% '+/% +:"(+/?% D((,%
0/(,&0-0(/Q2PF%>8%+%1#,8(f4(,1(2%*#:?$#"*'08$%0,%&'(%*(*&0/(LD0,/0,5%5"##C(%+::#=8%-#"%
4,0f4(%*(*&0/(LD0,/0,5%*"#*("&0(8%+,/%"(f40"($(,&8% -#"%(+1'%.36%+::(:(F%.#"(#C("2%
&'(%*#:?$#"*'01%.36%8&"41&4"(%(,+D:(8%&'(%'#8&%&#%0,1"(+8(%&'(%*#880D0:0&?%&#%5(,("+&(%
U% 1(::% "(8*#,8(8% +5+0,8&% +% =0/(% +""+?% #-% +,&05(,8% 80,1(% (+1'% 0,/0C0/4+:% 1+""0(8% &=#%
+::(:(8%#-%(+1'%.36%5(,(%W#,(%*+&(",+:%+,/%#,(%$+&(",+:XF%
1.2 T LYMPHOCYTES 
U%:?$*'#1?&(8%WU%1(::8X%+"(%+%1"410+:%*+"&%#-%&'(%+/+*&0C(%0$$4,0&?F%U'(%1(,&"+:%"#:(%#-%U%
1(::8% 08% /4(% &#% &'(0"% +D0:0&?% &#% "(1#5,0[(% +% C("?% :+"5(% ,4$D("% #-% +,&05(,8% &'+&% +"(%
*"(8(,&(/% 0,% 1#$*:(K%=0&'%.36%$#:(14:(8%#,% &'(% 84"-+1(%#-%>H68BAF% a(1#5,0&0#,%#-%
.36L7% #"% .36L77L"(8&"01&(/% +,&05(,01% *(*&0/(8% 08% "(f40"(/% -#"% &'(% 5(,("+&0#,% +,/%
$+0,&(,+,1(% #-% &'(% U% 1(::% "(*("&#0"(% +8% =(::% +8% &#% $#4,&% +% 1##"/0,+&(/% 0$$4,(%
"(8*#,8(F% U% 1(::8% 81+,% &'(% .36^*(*&0/(% W*.36X% *#*4:+&0#,% /08*:+?(/% #,% &'(% 1(::%
84"-+1(% #-% >H68% &'"#45'% &'(0"% (K&"($(:?% /0C("8(% U6a8% &'+&% -#"$% +% $4:&0L84D4,0&%
1#$*:(K% &#5(&'("%=0&'% &'(%6)T%805,+:% &"+,8/41&0#,%1#$*:(K2% &'+&% 0,1:4/(8% &'(%6)To2%
6)Tp2%6)Tq%+,/%U6ar%$#:(14:(8F%>::%6)T%84D4,0&8%1#,&+0,% 0$$4,#"(1(*&#"% &?"#80,(L
D+8(/%+1&0C+&0#,%$#&0-8% W7U>.X% 0,%&'(0"%1?&#*:+8$01%/#$+0,82%='01'%4*#,%"(1#5,0&0#,%
%%
%
T%
#-%1#5,+&(%*.36%5(&%*'#8*'#"?:+&(/F%U'08%:(+/8%&#%&'(%+1&0C+&0#,%#-%C+"0#48%805,+:0,5%
+,/% 5(,(% (K*"(880#,% *+&'=+?8% "(84:&0,5% 0,% U% 1(::% +1&0C+&0#,% +,/% &'(% 0,0&0+&0#,% #-%
(--(1&#"% -4,1&0#,8% 841'% +8% U6a% /#=,"(54:+&0#,2% 1?&#;0,(% 8(1"(&0#,2% *"#:0-("+&0#,2%
1?&#&#K010&?2% *'(,#&?*01% /0--("(,&0+&0#,2% 0,0&0+&0#,% #-% J% 1(::% '(:*% +,/^#"% +*#*&#808F%
!#::#=0,5% +,&05(,% 1:(+"+,1(2% &'(% $+]#"0&?% #-% &'(% +,&05(,L8*(10-01% U% 1(::8% 4,/("5#%
+*#*&#8082%='0:(%+%8$+::%-"+1&0#,%#-%&'(%1(::8%84"C0C(%&#%(8&+D:08'%:#,5L:0C(/%$($#"?%U%
1(::8F%I*#,%"(L1'+::(,5(%=0&'%&'(%8+$(%+,&05(,2%$($#"?%U%1(::8%*"#C0/(%(K&"($(:?%-+8&%
+,/%(--010(,&%+,&05(,L8*(10-01%0$$4,(%"(8*#,8(8%1#$*+"(/%&#%,+sC(%U%1(::8F%U'("(-#"(2%
&'(%5(,("+&0#,%#-%+%:+"5(%*#*4:+&0#,%#-%$($#"?%U%1(::8%08%+,%+**(+:0,5%5#+:%-#"%$#/(",%
U%1(::LD+8(/%C+110,+&0#,%8&"+&(50(8%+5+0,8&%+%C+"0(&?%#-%'4$+,%/08(+8(8BBF%
%U% 1(::8% 1+,% D(% 1:+880-0(/% 0,&#% 8(C("+:% /0--("(,&% 84D5"#4*8% +11#"/0,5% &#% &'(0"% U6a%
1#$*#80&0#,2%.36%8*(10-010&?%+,/%(--(1&#"%-4,1&0#,8F%.+]#"%U%1(::%84D5"#4*8%1#$*"08(%
&'(% 1?&#&#K01% U% :?$*'#1?&(8% W6Ub8X2% U% '(:*("% 1(::82% "(54:+&#"?% U% 1(::8% WU"(58X2%O+&4"+:%
90::("LU% WO9UX% 1(::8% +,/% #$% U% 1(::8F% U'(% /0--("(,&% U% 1(::% :0,(+5(8% #114"% /4"0,5% U% 1(::%
/0--("(,&0+&0#,2%/(C(:#*$(,&%+,/%&'?$01%(/41+&0#,F%
1.2.1 T cell development 
U% 1(::8% *"0$+"0:?% #"050,+&(% -"#$%'($+&#*#0(&01% 8&($%1(::8% 0,% &'(%D#,(%$+""#=F% U% 1(::%
*"#5(,0&#"8% /0--("(,&0+&(% 0,% &'(% &'?$48% +,/% 5#% &'"#45'% 8(C("+:% 8(:(1&0#,% *"#1(88(8%
D(-#"(% D(1#$0,5% $+&4"(% U% 1(::8F% U% 1(::8% $48&% -0"8&% *"#/41(% +% U6a% D?% 8#$+&01%
"(1#$D0,+&0#,%#-% &'(% C+"0+D:(% WjX2% /0C("80&?% W)X2% +,/% ]#0,0,5% WdX% 8(5$(,&8%#-% &'(%U1"D%
:#148%+,/%j%+,/%d%8(5$(,&8%#-%&'(%U1"+%:#148F%>11#"/0,5%&#%&'(%&?*(%#-%U6a%(K*"(88(/2%U%
1(::% :0,(+5(8%/0C("5(%(0&'("% 0,&#%!"%#"%#$%U%1(::8F%U%1(::8% &'+&%8411(88-4::?%*"#/41(%!"%
U6a%+,/%(K*"(88%D#&'%1#L"(1(*&#"8%6)R%+,/%6)Q2%+"(%&'48%1+::(/%/#4D:(%*#80&0C(%W)HX%
&'?$#1?&(8F%)H%&'?$#1?&(8%5#%&'"#45'%+//0&0#,+:%8(:(1&0#,%*"#1(88(8% 0,%&'(%&'?$482%
1+::(/%*#80&0C(%+,/%,(5+&0C(%8(:(1&0#,2%='01'%$+0,&+0,%1(,&"+:%0$$4,#:#501+:%&#:("+,1(%
+,/%5(,("+&(%+%U%1(::%*#*4:+&0#,%*#&(,&0+::?%"(+1&0C(%+5+0,8&%,#,L8(:-%+,&05(,8F%%
H#80&0C(%8(:(1&0#,%#114"8%0,%&'(%1#"&(K%#-%&'(%&'?$48%+,/%+::#=8%-#"%&'(%$+&4"+&0#,%#-%
)H%&'?$#1?&(8%D(+"0,5%U6a8%&'+&%"(1#5,0[(%8(:-L.36%0,%1#$*:(K%=0&'%8(:-L*(*&0/(8F%7,%
#&'("%=#"/82%&'08%*"#1(88%(,"01'(8%&'(%*#*4:+&0#,%#-%U%1(::8%8*(10-01%&#%8(:-L*.368F%>&%
&'08%8&+5(%#-%&'(%8(:(1&0#,%&'(%-+&(%#-%U%1(::8%08%/(-0,(/%+11#"/0,5%&#%&'(0"%*"(-("(,1(8%
&#=+"/8%(0&'("%*.36L7%#"%L77%+,/%+8%+%1#,8(f4(,1(%)H%&'?$#1?&(8%8(*+"+&(%0,&#%80,5:(%
*#80&0C(% W<HX% &'?$#1?&(8F% U'?$#1?&(8% "(+1&0,5%=0&'% 8(:-L.36L7% +"(% /0"(1&(/% &#=+"/8%
&'(% 1?&#&#K01% U% 1(::% :0,(+5(% +,/% (K*"(88% &'(% 6)Q% 1#L"(1(*&#"% #,% &'(0"% 1(::% 84"-+1(8F%
6#,C("8(:?2%&'?$#1?&(8%8*(10-01%&#%8(:-L.36L77%*"(-("(,&0+::?%(K*"(88%6)R%+,/%/0C("5(%
&#%&'(%U%'(:*("% :0,(+5(F%>&%&'08%8&+5(%&'?$#1?&(8%&'+&%/#%,#&%'+C(%(,#45'%+--0,0&?%&#%
8(:-L*.36%=0::%D(%(:0$0,+&(/%&'"#45'%Y/(+&'%D?%,(5:(1&ZF%%
O(5+&0C(% 8(:(1&0#,% 08% &'(% -#::#=0,5% 8&(*% #-% &'?$01% (/41+&0#,2% ='01'% #114"8% 0,% &'(%
$(/4::+% #-% &'(% &'?$48% +,/% "(84:&8% 0,% &'(% /(:(&0#,% #-% +::% <H% &'?$#1?&(8% =0&'% '05'%
"(+1&0C0&?%&#%8(:-L*.3682%&'48%*:+?0,5%+,%(88(,&0+:%"#:(%0,%*"(C(,&0#,%#-%+4&#0$$4,0&?F%
%%
%
R%
U'(% $+]#"0&?% #-% )H% &'?$#1?&(8% WPQtX% +"(% (:0$0,+&(/% /4"0,5% *#80&0C(% +,/% ,(5+&0C(%
8(:(1&0#,% +,/% &'(% 1(::8% &'+&% 8411(88-4::?% *+88% &'(8(% &=#% 8(:(1&0#,% 8&+5(8% D(1#$(%
$+&4"(% ,+sC(% U% 1(::8F% U'(% :+&&("% +"(% "(:(+8(/% &#% &'(% *("0*'("?% =0&'% ($D(//(/%
*"#*("&0(8%#-%:#=%8(:-L%+,/%*#&(,&0+::?%'05'%-#"(05,L+,&05(,%"(+1&0C0&?2%&'48%(8&+D:08'0,5%
80$4:&+,(#48:?%1(,&"+:%&#:("+,1(%+,/%*"#&(1&0#,%-"#$%*+&'#5(,8%+,/%&4$#"8F%%
U'(% -0,+:% 8(:(1&0#,%#-%U% 1(::8%(,1#$*+88(8%*("0*'("+:%U% 1(::% &#:("+,1(F% 7,/((/2%U% 1(::8%
(/41+&(/%0,%&'(%&'?$48%1+,%8&0::%(81+*(%1(,&"+:%&#:("+,1(%+,/%D(1#$(%+4&#L"(+1&0C(%0,%
*("0*'("+:%&0884(8F%U'(8(%*#&(,&0+::?%/+,5("#48%+4&#L"(+1&0C(%U%1(::8%1+,%D(%(:0$0,+&(/%
&'"#45'%0,&("+1&0#,8%=0&'%/(,/"0&01%1(::8%W)6X%+,/%#&'("%U%1(::82% 0,%#"/("%&#%54+"+,&((%
8(:-L&#:("+,1(%0,%1#$D0,+&0#,%=0&'%1#,&0,4#48%1#,&"#:%D?%84**"(880C(%U"(58F%%
1.2.2 T cell triggering 
I,/("%8&(+/?%8&+&(%1#,/0&0#,8%8(:-L*.36^U6a%0,&("+1&0#,8%#114"%"#4&0,(:?%='("(%,+sC(%
U%1(::8%84"C(?%&'(%84"-+1(%#-%)68%0,%&'(%*("0*'("?F%U'08%*"#C0/(8%+%&#,01%U6a%805,+:0,5%
&'+&%$+0,&+0,8%&'(%U%1(::%*##:%+,/%(,'+,1(8%"(8*#,80C(,(88%&#=+"/8%-#"(05,%+,&05(,8F%
U'08%*"#1(88%+:8#%0,1"(+8(8%&'(%*"#D+D0:0&?%#-%&"055("0,5%C("?%"+"(%+,&05(,L8*(10-01%,+0C(%
U%1(::8%&'"#45'%0,&("+1&0#,8%=0&'%-(=%)68%&'+&%*"(8(,&%&'(0"%1#5,+&(%+,&05(,%0,%1#$*:(K%
=0&'%.36%$#:(14:(8%/4"0,5%&'(%0,0&0+:%1#4"8(%#-%+,%0,-(1&0#,F%
U% 1(::% +1&0C+&0#,% -#::#=(/% D?% 1:#,+:% (K*+,80#,% +,/% +1f4080&0#,% #-% (--(1&#"% -4,1&0#,8%
8&+"&8%='(,%+%U6a%(,1#4,&("8%+%1#5,+&(%*(*&0/(%0,%1#$*:(K%=0&'%8(:-L.36%*"(8(,&(/%
D?% >H68F% 6#$*:(&(% +1&0C+&0#,% #-% U% 1(::8% /(*(,/8% #,% +&% :(+8&% &=#% 805,+:8F% <05,+:% B% 08%
/("0C(/% -"#$% &'(% 0,&("+1&0#,% D(&=((,% &'(% *.36^U6a% 1#$*:(K2% ='01'% 08% &'(%
*"("(f4080&(%-#"%U%1(::%&"055("0,5%+,/%-#::#=0,5%/#=,8&"(+$%(C(,&8F%<05,+:%@%08%*"#C0/(/%
D?% 0,&("+1&0#,8% =0&'% 1#L8&0$4:+&#"?% $#:(14:(8% +,/% +$*:0-0(8% &'(% 805,+:0,5% (C(,&8%
"(84:&0,5% 0,% (88(,&0+:% 5(,(% &"+,81"0*&0#,% +,/% 4:&0$+&(:?2% U% 1(::% +1&0C+&0#,F% <05,+:% T/ 08%
$(/0+&(/% D?% 1?&#;0,(8% *"#/41(/% D?% >H68% +,/% /"0C(8% 6)Rm% +,/% 6)Qm% U% 1(::%
/0--("(,&0+&0#,%0,&#%(--(1&#"%1(::8F%%
E,5+5($(,&% #-% &'(% *.36^U6a% 1#$*:(K% :(+/8% &#% *'#8*'#"?:+&0#,% #-% 0&8% 1?&#*:+8$01%
7U>.8%D?%&'(%&?"#80,(%;0,+8(%b192%+::#=0,5%"(1"40&$(,&%#-%&'(%<?;%-+$0:?%;0,+8(%u>HLMA2%
='01'%*'#8*'#"?:+&(8%+%,4$D("%#-%/#=,8&"(+$%84D8&"+&(8F% 7,%+//0&0#,2%+%,4$D("%#-%
+11(88#"?% $#:(14:(82% 0,1:4/0,5% &'(% 1#L"(1(*&#"8% 6)R% #"% 6)Q2% &'(% 1#L8&0$4:+&#"?%
$#:(14:(% 6)@Q% +,/% &'(% +/'(80#,% $#:(14:(8% 6)@% +,/% b!>LB2% +"(% (,5+5(/% D?% &'(0"%
8*(10-01% :05+,/8% /4"0,5% +,&05(,% "(1#5,0&0#,% WK(570-/ O?XF% >//0&0#,+:% 805,+:0,5% D?% &'(8(%
"(1(*&#"8%1+,%$#/4:+&(%U6a%805,+:82% "(84:&0,5% 0,%+% -0,(:?%1+:0D"+&(/%D0#1'($01+:% "(:+?%
&'+&% (,1#/(8% &'(% 8&"(,5&'% #-% *.36% D0,/0,52% &'48% +::#=0,5% &'(% U% 1(::% &#% $+;(%
+**"#*"0+&(%1#,&(K&L8*(10-01%"(8*#,8(8F%
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K(570-/ OQ/ 26-/ ,-"'0%$/ 0)$-/)#/ '6-/ 234R;9:3/ ,)&;$-</ ("/ 2/ ,-$$/ 0-,)5"('()"/ %"./ '6-/ #)0&%'()"/)#/ '6-/
(&&7")$)5(,%$/+1"%;+-/S!ITQ%%>,%0::48&"+&0#,%#-%+%U%1(::%+,/%+,%+,&05(,%*"(8(,&0,5%1(::%W>H6X%0,&("+1&0#,F%?Q%
>//0&0#,+:% 0,&("+1&0#,8%*"#C0/(/%D?% &'(%6)Q%1#L"(1(*&#"%+,/%1#L8&0$4:+&#"?%$#:(14:(8%6)@2%b!>2B%+,/%
6)@Q%0$*"#C(%&'(%U%1(::L>H6%0,&("+1&0#,%0,%#"/("%&#%+1'0(C(%+,%(--(1&0C(%0$$4,(%"(8*#,8(F%HQ%<0/(%C0(=%
#-%YD4::`8%(?(%8'+*(/Z%U%1(::L>H6%7<%/08*:+?0,5%1<.>6%0,%&'(%1(,&"+:%[#,(%+,/%*<.>6%0,%&'(%84""#4,/0,5%
*("0*'("+:%[#,(F%3Q%U#*%C0(=%#-%&'(%YJ4::`8%(?(%8'+*(/Z%7<%:##;0,5%/#=,%#,%&'(%U%1(::F%%%%
U'(% *.36^U6a% 0,&("+1&0#,% +,/% &'(% -#::#=0,5% 1#L8&0$4:+&#"?% 805,+:0,52% &"055("% ;(?%
(C(,&8% -#"% U% 1(::% +1&0C+&0#,2% 0,/410,5% +% 1'+,5(% 0,% 1(::% $($D"+,(% &#*#:#5?% +,/% &'(%
"(+""+,5($(,&%#-%1(::%84"-+1(%$#:(14:(82%+88($D:0,5%0,&#%+%4,0f4(%$#:(14:+"%8&"41&4"(%
+&% &'(% U% 1(::L>H6% 1#,&+1&% 0,&("-+1(% &("$(/% &'(% 0$$4,#:#501+:% 8?,+*8(% W7<XB@2BTF% U'(%
-#"$+&0#,%#-% 7<%*"#$#&(8% 8&+D0:0&?%#-% &'(% 0,&("1(::4:+"% 1#,&+1&% +,/%+::#=8% -#"% +%$#"(%
#"1'(8&"+&(/% U% 1(::% 805,+:0,5% &'+&% "(84:&8% 0,% #*&0$+:% +1&0C+&0#,% +,/% (--(1&#"%
-4,1&0#,8B@2BTF%%
7<%1#,808&8%#-%&=#%1#,1(,&"01%"0,58%#-%$#:(14:(82%;,#=,%+8%&'(%1(,&"+:%84*"+$#:(14:+"%
+1&0C+&0#,% 1:48&("% W1<.>6X% +,/% &'(% *("0*'("+:% 84*"+$#:(14:+"% +1&0C+&0#,% 1:48&("%
W*<.>6X2%='01'%-#"$%&'(%D4::`8%(?(%8'+*(/%7<%WK(570-/O?/%"./3XF%U'(%1(,&"+:%[#,(%#-%
&'(%7<%W1<.>6X2%(,"01'(/%=0&'%U6a%+,/%6)T%1#$*:(K(82%+:8#%1#,808&8%#-%6)@Q2%6)R%#"%
6)Q%+,/%&'(%*"#&(0,%;0,+8(%6%WH96X%$#:(14:(8F%<0,1(%$+,?%U%1(::%+1&0C+&0,5%"(1(*&#"8%
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+,/% 805,+:0,5%$#:(14:(8% +"(% *"(8(,&% 0,% &'(% 1<.>62% +,/% 80,1(% 0&8% -#"$+&0#,% 8&"#,5:?%
1#""(:+&(8% =0&'% &'(% (--010(,1?% #-% U% 1(::% 8&0$4:+&0#,2% &'08% 84*"+$#:(14:+"% /#$+0,%=+8%
0,0&0+::?% &'#45'&% &#%$(/0+&(% U% 1(::% +1&0C+&0#,B@2BTF% 3#=(C("2% "(1(,&% 8&4/0(8% 8455(8&(/%
+//0&0#,+:% +:&(",+&0C(% "#:(8% -#"% 1<.>6% 841'% +8% &"+**0,5% &'(% &+"5(&% *.36% +,/%
(,'+,10,5%8("0+:%(,5+5($(,&%#-%U6a82%+::#=0,5%&("$0,+&0#,%#-%U6a%805,+:82%+8%=(::%+8%
/#=,"(54:+&0#,2% +D8#"*&0#,% +,/% /(5"+/+&0#,% #-% U6a^*.36% 1#$*:(K(8F% U'08% *#880D:?%
:(+/8%&#%Y'#$#&?*01%U%1(::LU%1(::%0,&("+1&0#,8Z%+,/%0,/41(8%1"#88%;0::0,5%&#%:0$0&%&'(%80[(%
#-% 1:#,+:% (K*+,80#,% #"% &#% -+10:0&+&(% /0"(1&0#,+:% 6)Rm% U% 1(::% '(:*% "(f40"(/% -#"% #*&0$+:%
6)Qm%U%1(::%+1&0C+&0#,BRF%!0,+::?2%0,&(5"0,L"01'%#4&("%"0,5%#-%&'(%7<%W*<.>6X%1+,%8("C(%+8%+%
8(+:0,5% "0,5% &#% *"(C(,&% &'(% /0--480#,% #-% *("-#"0,8% +,/% 5"+,[?$(82% ='01'% 1+,% D(%
0$*#"&+,&%-#"%6Ub%+1&0C0&?%0,%&'(%-"+$(%#-%-#148(/%&+"5(&%1(::%;0::0,5B@2BTF%
7,% "(8&0,5%,+sC(%U% 1(::82% &'(%U6a%1#$*:(K2% &'(%+1&0C+&0,5%+,/% &'(% 0,'0D0&#"?% "(1(*&#"8%
5"#4*% 0,%$($D"+,(% 8&"41&4"(8% 1+::(/% ,+,#1:48&("8BSF% 7,0&0+:% U% 1(::% 805,+:0,5% 8&+"&8% +&%
&'(8(% *"(L(K08&0,5% ,+,#1:48&("8% 4*#,% +,&05(,% "(1#5,0&0#,% +,/% 0,/41(8% -#"$+&0#,% #-%
$01"#1:48&("8%v% +:8#% 1+::(/%*"#&(0,% 08:+,/8% L%='("(%@A%#"%$#"(%U6a% 1#$*:(K(8% 1#$(%
&#5(&'("% "(84:&0,5% 0,% (,'+,1(/% +,/% -#148(/% U% 1(::% 805,+:0,5F% >//0&0#,+::?2% ($("50,5%
D0#:#501+:%+,/%D0#1'($01+:%(C0/(,1(%8455(8&8%&'+&%&'(8(%*"(L1:48&("(/%U6a8%$+?%(K08&%
#,%&'(%1(::%84"-+1(%*+"&014:+":?%0,%*"(C0#48:?%+1&0C+&(/%U%1(::8%(,+D:0,5%+%-+8&("%Y"(+/?L
&#L5#Z%"(8*#,8(BiLBQF%g(,("+&0#,%#-%&'(%D4::`8%(?(%8'+*(/% 7<% -#::#=8%&'(%-#"$+&0#,%#-%
U6a%$01"#1:48&("8F% U'08% &=#L1#,1(,&"01% "0,5% 8'+*(/% 8&"41&4"(% 08% ,#&% #D8("C(/% /4"0,5%
0,&("+1&0#,8% D(&=((,% )68% +,/% U% 1(::82% +8% )68% +"(% (K1(::(,&% >H68% =0&'% &'(% +D0:0&?% &#%
0,/41(%8&"#,5%U%1(::%+1&0C+&0#,F%7,8&(+/2%U%1(::8%+,/%)68%(8&+D:08'%$4:&0-#1+:%7<8%='("(%
U6a8% 1:48&("% +&%$4:&0*:(% 80&(8% +&% &'(%U% 1(::L)6% 0,&("-+1(B@2BTF% U'(% 1:48&("0,5%#-% 8(C("+:%
U6a8% #,% &'(% 1(::% 84"-+1(% 1+,% +:8#% *"#C0/(% +,% +//0&0#,+:% (K*:+,+&0#,% -#"%$+]#"% U% 1(::%
&"055("0,5%'?*#&'(8(82%841'%+8%;0,(&01L*"##-%"(+/0,5BP%+,/%8("0+:%&"055("0,5@AF%%
1.3 NATURAL KILLER (NK) CELLS 
O+&4"+:%90::("%WO9X%1(::8%+"(%$($D("8%#-%&'(%0,,+&(%0$$4,(%8?8&($%=0&'%&'(%+D0:0&?%&#%
;0::% C0"48L0,-(1&(/% 1(::8% +,/% &4$#"% 1(::8% 0,% &'(% +D8(,1(% #-% *"0#"% 8&0$4:+&0#,% #"%
0$$4,0[+&0#,@B2@@F% U'482% &'(?% 8&+,/% #4&% +8% *"#$080,5% +1&#"8% 0,% &'(% &"(+&$(,&% #-%
0,-(1&0#48%/08(+8(8%+,/%-#"%1+,1("%0$$4,#&'("+*?@TL@SF%EC(,%&'#45'%O9%1(::8%$+;(%48(%
#-%/0--("(,&%$#/(8%#-%&+"5(&%"(1#5,0&0#,%1#$*+"(/%&#%U%1(::82%D#&'%O9%1(::8%+,/%U%1(::8%
48(%.36L7%$#:(14:(8%-#"%&'(%"(54:+&0#,%#-%&'(0"%(--(1&#"%-4,1&0#,8@iF%%
O9% 1(::8% 0,&("+1&% =0&'% &'(0"% *#&(,&0+:% &+"5(&% 1(::8% &'"#45'% C+"0#48% &"+,8$($D"+,(%
0,'0D0&#"?% +,/% +1&0C+&0,5% "(1(*&#"8F% U'(% D+:+,1(% D(&=((,% &'(8(% 0,'0D0&#"?% +,/%
+1&0C+&0,5%805,+:8%/(-0,(8%&'(%+1&0#,%#-%&'(%O9%1(::8@M2@QF%)(8*0&(%8&"41&4"+:%/0--("(,1(8%
D(&=((,% &'(% 0,'0D0&#"?% +,/% +1&0C+&0,5% "(1(*&#"82% 805,+:0,5% *+&'=+?8% 8(($% :+"5(:?%
1#,8("C(/@PLT@F% >1&0C+&0,5% +,/% 0,'0D0&#"?% "(1(*&#"8% $+;(% 48(% #-% 7U>.8% +,/%
0$$4,#"(1(*&#"%%%&?"#80,(LD+8(/%%%0,'0D0&0#,%%$#&0-8%%W7U7.8X2%%"(8*(1&0C(:?2%%%='01'%%%+"(%%
%%
%
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%
K(570-/LQ/26-/;(@)'%$/0)$-/)#/9:3*!/("/2/%"./DN/,-$$/0-+;)"+-+Q%G'0:(%U%1(::8%"(8*#,/%&#%,#,L8(:-%*(*&0/(8%
*"(8(,&(/% D?% >H682% O9% 1(::8% +"(% 8(,80&0C(% &#% &'(% :#88^+D8(,1(% #-% .36% ?Q% >,&05(,% *"(8(,&0,5% 1(::%
/08*:+?0,5%8(:-L(*0&#*(8%WD:4(X%&#%U%1(::8%&'"#45'%.36L7F%HQ%7,-(1&(/%>H6%*"(8(,&0,5%C0"+:%*(*&0/(8%W?(::#=X%
&'"#45'%.36L72%"(84:&0,5%0,%U%1(::%"(8*#,8(F%3Q%O9%1(::8%81+,,0,5%&'(%84"-+1(%#-%+%'(+:&'?%>H6F%=Q/O9%1(::8%
"(8*#,/0,5%/4(%&#%&'(%:#88%#-%.36L7%Y$0880,5%8(:-Z%"(84:&0,5%0,%&+"5(&%1(::%;0::0,5F%%
:#1+&(/%#,%+/+*&#"%$#:(14:(8%&'+&%0,&("+1&%=0&'%&'(%1?&#*:+8$01%&+0:8%#-%&'(%"(1(*&#"8F%%
G'0:(% $+]#"% +1&0C+&0,5% "(1(*&#"8% 1#$*"08(% &'(% ,+&4"+:% 1?&#&#K010&?% "(1(*&#"82% O6a8%
WO9*TA2% O9*RR% +,/% O9*RiXTTLTi% +,/% O9% 5"#4*% @)% WO9g@)XTM2% &'(% $+]#"% 0,'0D0&#"?%
"(1(*&#"8%0,1:4/(%O9g@>2%&'(%0,'0D0&#"?%;0::("%1(::%0$$4,#5:#D4:0,L:0;(%"(1(*&#"8%W97a8X%
0,% '4$+,% +,/% &'(% '05':?% *#:?$#"*'01% 6L&?*(% :(1&0,L:0;(% b?RP% -+$0:?% #-% "(1(*&#"8% 0,%
$01(@P%F%
7,'0D0&#"?% "(1(*&#"8% &05'&:?% 1#,&"#:% O9% 1(::% +1&0C0&?% D?% ,(5+&0C(:?% "(54:+&0,5% O9% 1(::%
+1&0C+&0#,% +5+0,8&% '(+:&'?% 1(::8% (K*"(880,5% ,#"$+:% +$#4,&8% #-% 8(:-% .36L7% #,% &'(0"%
84"-+1(F% U'08% 08% *#880D:(% &'"#45'% &'(% +1&0#,% #-% 97a8% +,/% b?RP% "(1(*&#"82% ='01'% +"(%
$+0,:?% 8*(10-01% -#"% .36L72% (,+D:0,5% "(1#5,0&0#,% #-% &+"5(&% 1(::8% =0&'% /#=,L"(54:+&(/%
84"-+1(%.36L7%(K*"(880#,TQLRA2%+%*'(,#$(,#,%"(-(""(/%&#%+8%Y$0880,5L8(:-ZRB%WK(570-/LXF%
>%1#$$#,%1'+"+1&("08&01%#-%.36L7L8*(10-01%0,'0D0&#"?%"(1(*&#"8%08%&'(%*"(8(,1(%#-%7U7.8%
0,% &'(0"% 1?&#*:+8$01% &+0:2%='01'%(,+D:(8% &'($% &#% "(1"40&% +,/%+1&0C+&(% <3HB%+,/%<3H@%
*'#8*'+&+8(8@P2R@% 0,% #"/("% &#% 8=0&1'% #--% &'(% +1&0C+&0,5% 805,+:0,5F% 7,&("(8&0,5:?2% &'(%
0$*#"&+,1(%#-%,(5+&0C(%805,+:0,5%'+8%+:8#%D((,%"(1(,&:?%/($#,8&"+&(/%0,%U%1(::8RTF%%
J#&'%97a8%+,/%b?RP%"(1(*&#"8%+"(%1:#,+::?%(K*"(88(/%#,%O9%1(::8%0,%C+"0+D:(%-"(f4(,10(8%
+,/%+"(%+:8#%-#4,/%#,%O9U%1(::8%+8%=(::%+8%#,%8#$(%U%1(::8F%O9%1(::8%1+,%(K*"(88%#,(%#"%
$4:&0*:(% "(1(*&#"82%='01'% +"(% 8*(10-01% -#"% #,(% #"% +% -(=%.36L7% +::(:(82% +::#=0,5% -#"% +%
=0/(%+,/%1#$*:(K%"(*("&#0"(%#-%O9%1(::8%&'+&%08%+D:(%&#%"(8*#,/%&#%&'(%:#88%#-%+%80,5:(%
.36% +::(:(RRLRMF% U+;(,% &#5(&'("2% &'08% 0,-#"$+&0#,% '05':05'&8% &'(% 0$*#"&+,1(% #-% .36%
$#:(14:(8%+8%+%-4,/+$(,&+:%"(54:+&#"%#-%O9%1(::%D0#:#5?F%%>//0&0#,+::?2%O9%1(::8%4,/("5#%
+% *"#1(88% #-% (/41+&0#,% ='("(% &'(% +D0:0&?% &#% D(% 0,'0D0&(/% D?% 8(:-% .36L7% 1#,-("8% -4::%
-4,1&0#,+:0&?RRF%U'08%&#*01%=0::%D(%(K*+,/(/%0,%8(1&0#,%BFTFBF%%
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7,%1#,&"+8&%&#%U%+,/%J%1(::82%O9%1(::8% :+1;%1:#,+::?%/08&"0D4&(/%"(1(*&#"8%-#"%+1&0C+&0#,F%
7,8&(+/2% O9% 1(::% +1&0C+&0#,% 08% $+0,&+0,(/% &'"#45'% +% 1#$*:(K% ,(&=#";% #-% C+"0#48%
+1&0C+&0,5%"(1(*&#"8TAF%I*#,%"(1#5,0&0#,%#-%:05+,/8%#,%&'(%84"-+1(%#-%&+"5(&%1(::8%D?%O9%
+1&0C+&0,5% "(1(*&#"82% C+"0#48% 0,&"+1(::4:+"% 805,+:0,5% *+&'=+?8% /"0C(% O9% 1(::8% &#=+"/8%
1?&#&#K01%+1&0#,2%4:&0$+&(:?%"(84:&0,5%0,%&+"5(&%1(::%;0::0,5RQF%U'(%+1&0C+&0,5%"(1(*&#"8%+"(%
+88#10+&(/% =0&'% 7U>.LD(+"0,5% 805,+:0,5% +/+*&#"8% 0,% &'(0"% 1?&#*:+8$01% &+0:8% 841'% +8%
6)TrRP%#"%)>HB@SA2%='01'% -4"&'("%'05':05'&8% &'(%1#$$#,%1'+"+1&("08&018%#-%O9%+,/%U%
1(::% 805,+:0,5F%U'(% 7U>.%$#&0-%=+8% 0,0&0+::?% "(1#5,0[(/%+8%+%1#$$#,%8(f4(,1(% 0,% &'(%
1?&#*:+8$01%&+0:8%#-%&'(%805,+:0,5%1'+0,8%+88#10+&(/%=0&'%&'(%U6aSBF%7,%U%1(::82%&'(%6)Tr%%
*+"&%#-%&'(%6)T%1#$*:(K%&'+&%08%,#,L1#C+:(,&:?%+88#10+&(/%=0&'%&'(%U6a%1#$*:(K2%*:+?8%
+%1(,&"+:%"#:(%0,%&'(%&"+,8$0880#,%#-%805,+:8%C0+%8(f4(,&0+:%&?"#80,(%*'#8*'#"?:+&0#,%#-%
0&8% 7U>.% "(50#,F% 7,&("(8&0,5:?2% 0&% '+8% +:8#% D((,% /($#,8&"+&(/% &'+&% U% 1(::8% W='01'%
5(,("+::?% :+1;% )>HB@X2% 5(,(L(,50,(("(/% =0&'% )>HB@2% /08*:+?% O9L:0;(% (--(1&#"%
-4,1&0#,8S@2%8455(8&0,5%&'(%805,0-01+,1(%#-%)>HB@%0,%D#&'%O9%+,/%U%1(::%805,+:0,5F%%
7,%84$$+"?2%O9%1(::%+1&0C+&0#,%$+?%#114"%/(*(,/0,5%#,%&'(%,(&%"(84:&%#-%+1&0C+&0,5%+,/%
0,'0D0&#"?% 805,+:0,5% &"055("(/% D?% 1(::% 84"-+1(% "(1(*&#"8F% U'(% D+:+,1(% D(&=((,% &'(8(%
805,+:8%/(10/(8%&'(%-+&(%#-%&'(%0,&("+1&0#,8%D(&=((,%O9%1(::8%+,/%&'(0"%&+"5(&8F%d48&%+8%
/#=,"(54:+&0#,% #-% .36L7% 1+,% /0$0,08'% &'(% 0,'0D0&#"?% 805,+:0,52% 0&% '+8% +:8#% D((,%
/($#,8&"+&(/%&'+&2%(C(,%0,%&'(%*"(8(,1(%#-%,#"$+:%.36L7%:(C(:8%#,%&'(%&+"5(&%1(::82%O9%
1(::8%1+,%8&0::%D(%&"055("(/%0-%+%'05'("%+$#4,&%#-%+1&0C+&0,5%805,+:%08%+1'0(C(/%+8%+%"(84:&%
#-% 8&"(88L0,/41(/% 4*"(54:+&0#,% #-% +1&0C+&0,5% :05+,/82% +% *'(,#$(,#,% "(-(""(/% &#% +8%
Y0,/41(/L8(:-%"(1#5,0&0#,ZSTLSSF%%
1.3.1 NK cell development 
O9% 1(::8% /(C(:#*% *"0$+"0:?% 0,% &'(% D#,(% $+""#=F% I,:0;(% U% 1(::82% O9% 1(::8% /#% ,#&% 5#%
&'"#45'%*#80&0C(%+,/%,(5+&0C(%8(:(1&0#,%0,%&'(%&'?$48%+,/%(K08&%0,%,#"$+:%,4$D("8%0,%
+&'?$01%,4/(%$01(SiLSQF%3#=(C("2% 0&% 08%+:8#%*#880D:(% &'+&% 8#$(%O9%1(::8% 1+,%#"050,+&(%
-"#$%&'(%&'?$48SP2%:0C("iA%+,/%:?$*'%,#/(8iBF%
)4"0,5% /(C(:#*$(,&% O9% 1(::8% 5#% &'"#45'% 8(C("+:% 8&+5(8% #-% /0--("(,&0+&0#,% &'+&% '+C(%
D((,%/(-0,(/%D+8(/%#,%&'(%8(f4(,&0+:%+1f4080&0#,%#-%8*(10-01%$+";("8F%U'(%:+8&%8&+5(8%#-%
O9% 1(::% /(C(:#*$(,&% 0,1:4/(% +1f4080&0#,% #-% -4,1&0#,+:% 1+*+D0:0&0(82% 841'% +8% 1?&#;0,(%
8(1"(&0#,% +,/% 1?&#&#K010&?i@F% I,:0;(% J% +,/% U% 1(::82% 0,/0C0/4+:% O9% 1(::8% :+1;% +,&05(,L
8*(10-01% "(1(*&#"8F% !4"&'("$#"(2% O9% "(1(*&#"8% /#% ,#&% 5#% &'"#45'% "(1#$D0,+&0#,%
+1&0C+&0#,% 5(,(% Wa>gXL/(*(,/(,&% "(+""+,5($(,&82% +:&'#45'% /4"0,5% O9% 1(::%
/(C(:#*$(,&% :#=%-"(f4(,1?%#-%jW)Xd% "(1#$D0,+&0#,%+,/%&"+,80(,&%(K*"(880#,%#-%a>g%
'+C(% D((,% #D8("C(/iTLiMF% I*#,% :(+C0,5% &'(% D#,(%$+""#=% O9% 1(::8% 1+,% "(80/(% 0,% &'(%
D:##/2%8*:((,2%:0C("2%:4,5%+,/%C+"0#48%#&'("%#"5+,8iQ2%='("(%&'(?%8&+,/%"(+/?%&#%"+*0/:?%
"(8*#,/% +5+0,8&% *+&'#5(,8F% >8% -#"% U% 1(::82% O9% 1(::8% 1#,&0,4(% &#% $+&4"+&(% 0,% &'(%
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1.4 ROLE OF MHC IN DEVELOPMENT AND REGULATION OF T AND NK 
CELLS 
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1.5 THREE-DIMENSIONAL STRUCTURE OF MHC MOLECULES 
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1.5.1 Structural insights into peptide-MHC binding and restriction 
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*#:?$#"*'01% "(50#,8% #-% .36% 1:+88% 72% /(-0,0,5% #,(% #-% &'(% ;(?% 1'+"+1&("08&018% #-% &'(%
*(*&0/(% D0,/0,5L1:(-&82% ='01'% 08% *(*&0/(% 8*(10-010&?F% U'08% 8*(10-010&?% 08% 0,/0C0/4+::?%
/(805,(/% &'"#45'% &'(% *#:?$#"*'01% "(80/4(8% "(80/0,5% 0,% &'(% *(*&0/(LD0,/0,5% 5"##C(F%
7,/((/% 8#L1+::(/% D0,/0,5% $#&0-8% +"(% 1'+"+1&("0[(/% D?% &'(% "(f40"($(,&8% #-% 1("&+0,%
*#1;(&8%&'+&%8&"#,5:?%8(:(1&% -#"%1("&+0,%+$0,#%+10/8%+&%8*(10-01%*(*&0/(%*#80&0#,8F% 7&% 08%%
5(,("+::?% +5"((/% &#/+?% &'+&%$#8&% #-% &'(% *(*&0/(% D0,/0,5% &#% +% 8*(10-01%.36% +::(:(% 08%
+1'0(C(/%&'"#45'%&'(%48(%#-%&'(8(%*"(-(""(/%"(80/4(8%1+::(/%+,1'#"%"(80/4(8F%>8%(+1'%
.36%+::(:(%'+8%0,/0C0/4+:%*"(-(""(/%.36%+,1'#"%"(80/4(82%(+1'%+::(:(%'+8%&'(%*#&(,&0+:%
&#% *"(8(,&% +% /0--("(,&% *(*&0/(% "(*("&#0"(2% ='01'% 08% $+0,:?% &4,(/% D?% &'(% '05':?%
*#:?$#"*'01% ,+&4"(% #-% &'(% .36% $#:(14:(8F% !#"% (K+$*:(2% &'(% '4$+,% 3b>L>@% +::(:(%
$+0,:?%$+;(8%48(%#-%*#80&0#,%@%W*@X%+,/%&'(%6%&("$0,48%W*%X%#-%&'(%(*0&#*(8%+8%$+0,%
+,1'#"0,5% *(*&0/(% "(80/4(82% 5(,("+::?% *"(-(""0,5% "(80/4(8% 841'% +8% :(410,(% WbX% +,/%
$(&'0#,0,(%W.X%+&%*@2%+,/%C+:0,(%WjX2%b%+,/%08#:(410,(%W7X%+&%*%.%7,%1#$*+"08#,2%$#48(%
.36L7%+::(:(%3L@)D%*"(-("8%*@2%*S%+,/%*%%+8%$+0,%+,1'#"0,5%"(80/4(82%=0&'%+:+,0,(%W>X2%
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*"(8(,&(/%*(*&0/(8%+,/%.36%"(80/4(8%&'+&%1#$*#8(%&'(8(%*#1;(&8^"(50#,8%$+?%8("C(%
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1.5.2 Antigen processing resulting in conventional and alternative peptide 
repertoires 
>,&05(,% *"#1(880,5% 08% #,(% #-% &'(% -4,/+$(,&+:% -(+&4"(8% #-% &'(% U% 1(::L/(*(,/(,&%
+/+*&0C(%0$$4,(%8?8&($F%U'(%$+0,%"#:(%#-%+,&05(,%*"#1(880,5%08%&#%1#,C("&%+,&05(,01%
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.36L"(8&"01&(/%1(::%84"-+1(%*"(8(,&+&0#,%#-%*(*&0/(%+,&05(,8F%'
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/0"(1&%6)Rm%U%1(::8%+5+0,8&%(K&"+1(::4:+"%+,&05(,8% &'+&%+"(% 0,&(",+:0[(/%D?%*"#-(880#,+:%
>H68%841'%+8%)682%J%1(::82%$#,#1?&(8%+,/%$+1"#*'+5(8F%U'(%0,&(",+:0[(/%*"#&(0,8%+"(%
:#1+:0[(/% 0,% (,/#8#$(8% +,/% *'+5#8#$(8% &'+&% 1+,% :+&("% D(% -48(/% &#% :?8#8#$(8F% U'(%
+10/01% (,C0"#,$(,&% 0,% &'(8(% C(801:(8%(,+D:(8% +10/01%*"#&(+8(82% 841'%+8% 1+&'(*80,82% &#%
/(5"+/(%1+*&4"(/%*"#&(0,8%&#%*(*&0/(%+,&05(,8%&'+&%+"(%BA%&#%TA%+$0,#%+10/8%:#,5F%U'(%
*(*&0/(LD0,/0,5%5"##C(8%#-%.36L772%='01'%08%8?,&'(80[(/%0,%&'(%(,/#*:+8$01%"(&014:4$%
WEaX2% +"(% #114*0(/% D?% &'(% 0,C+"0+,&% 1'+0,8% W70X% &'"#45'#4&% &'(0"% &"+,8*#"&% &#% &'(%
0,&"+1(::4:+"% C(801:(8F% 7,% #"/("% &#% :#+/% &'(% +/(f4+&(% "(*("&#0"(% #-% *(*&0/(8% 0,% &'(%
*(*&0/(LD0,/0,5%5"##C(%#-%.36L772%70%$48&%D(%"($#C(/%-"#$%&'(%*(*&0/(LD0,/0,5%1:(-&F%
U'08% 08% +1'0(C(/%D?% &'(% 1#$D0,(/% +1&0#,% #-% *"#&(#:?&01% (,[?$(8% +,/% &'(%.36L77L:0;(%
,#,L*#:?$#"*'01%$#:(14:(%3b>L).F%6+&'(*80,%<%1:(+C(8%+,/%"($#C(8%702%:(+C0,5%&'(%@R%
+$0,#%+10/L:#,5%1:+88%77L+88#10+&(/%0,C+"0+,&%1'+0,%*(*&0/(%W6b7HX%0,%&'(%*(*&0/(LD0,/0,5%
1:(-&F% !0,+::?2% -#::#=0,5% &'(%3b>L).L"(54:+&(/% (K1'+,5(% #-% &'(% 6b7H% *(*&0/(%=0&'% +,%
+**"#*"0+&(% +,&05(,% *(*&0/(2% 8&+D:(% *.36L77% 1#$*:(K(8% +"(% &"+,8*#"&(/% &#% &'(% 1(::%
84"-+1(%0,%#"/("%&#%*"(8(,&%&'(%D#4,/%*(*&0/(%+,/%1#$$4,01+&(%=0&'%6)Rm%U%1(::8F%%%
!"-"$"$ :/+1;&/'90,*&661/;'9)+<=)>6'(,0'234'*5)66'780&6+01*+&%'&91+,9&6'
I,:0;(%.36L772%.36L7%08%(K*"(88(/%D?%+::%,41:(+&(/%1(::8%=0&'%+%*#&(,&0+:%&#%*"#1(88%+,/%
*"(8(,&% +,&05(,8% &#% 6)Qm% U% 1(::8F% .36L7L"(8&"01&(/% +,&05(,01% *(*&0/(8% +"(% 5(,("+::?%
/("0C(/%-"#$%1?&#8#:01%*"#&(0,8%+,/%*"#1(88(/%0,%&'(%1?&#8#:%D?%&'(%1?:0,/"01+:%WD+""(:L
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&'(% 4D0f40&0,% *"#&(+8#$(% 8?8&($2% 5(,("+&(8% QLBA% +$0,#% +10/% :#,5% *(*&0/(8% D?%
-"+5$(,&0,5%4D0f40&0,+&(/%*"#&(0,8F%U'(%@i<%1#$*:(K% 08%-#"$(/%D?%&'(%$+0,%1+&+:?&01%
@A<% *"#&(+8#$(% +,/% &=#% BP<% "(54:+&#"% 1#$*:(K(8% &'+&% -0"8&% D#&'% D0,/% +,/% 4,-#:/%
4D0f40&0,+&(/%*"#&(0,82%+,/%&'("(+-&("%+1&0C+&(%&'(%1+&+:?&01%@A<%1#"(F%
U'(%1+&+:?&01%@A<%*"#&(+8#$(%08%1#$*#8(/%#-%&=#%0,,("%+,/%&=#%#4&("%"0,58%1#,&+0,0,5%
8(C(,%xL84D4,0&8%+,/%8(C(,%wL84D4,0&82%"(8*(1&0C(:?F%H(*&0/(%-"+5$(,&+&0#,%#114"8%0,%
&'(%0,,("%wL"0,58F%U'(%84D4,0&8%wB2%w@%+,/%wS%+"(%$+0,:?%"(8*#,80D:(%-#"%&'(%5(,("+&0#,%
#-% .36L7% "(8&"01&(/% (*0&#*(8F% U'(% 8(:(1&0C(% -"+5$(,&+&0#,% #-% &'(% (*0&#*(8% 1+,% D(%
/0C0/(/% 0,&#% &'"((%$+]#"% 1:+88(8l% 1'?$#&"?*80,% :0;(% +1&0C0&?% WwSX2% &"?*80,% :0;(% +1&0C0&?%
Ww@X% +,/% *(*&0/?:5:4&+$?:% *(*&0/(% '?/"#:?[0,5% +1&0C0&?% WwBX% =0&'% *"(-(""(/% 1:(+C+5(%
80&(8%+-&("%'?/"#*'#D01%"(80/4(82%D+801%"(80/4(8%+,/%+10/01%"(80/4(82%"(8*(1&0C(:?B@@F%
H"#&(+8#$(L5(,("+&(/%*(*&0/(8%+"(%&'("(+-&("%&"+,8*#"&(/%&#%&'(%Ea%D?%+,%+/(,#80,(%
&"0*'#8*'+&(% W>UHXL/(*(,/(,&% *+&'=+?% &'"#45'% &'(% *"#&(0,% 1#$*:(K% 1+::(/%
&"+,8*#"&("%+88#10+&(/%=0&'%+,&05(,%*"#1(880,5%WU>HXF%U'(%Ea%$($D"+,(LD#4,/%U>H%08%
-#"$(/%D?%&=#%84D4,0&8%1+::(/%U>H7%+,/%U>H77F%7&%08%-"(f4(,&:?%&'#45'&%&'+&%'?/"#:?808%
#-%>UH%$#:(14:(8%:(+/8%&#%1#,-#"$+&0#,+:%1'+,5(8%#-%&'(%U>H%1#$*:(K%+::#=0,5%-#"%&'(%
&"+,8-("%#-%*"#1(88(/%*(*&0/(8%&#%&'(%EaF%U>H%$#:(14:(8%+"(%1+*+D:(%#-%&"+,8*#"&0,5%QL
TA%+$0,#%+10/% :#,5%*(*&0/(8% 0,&#% &'(%Ea%=0&'%+%*"(-("(,1(% -#"%D+801%#"%'?/"#*'#D01%
"(80/4(8%+&%&'(%1+"D#K?:%&("$0,0%#-%&'(%*(*&0/(8F%U'08%*"(-("(,1(%08%#,(%#-%&'(%-(+&4"(8%
&'+&%$#/4:+&(%&'(%.36L7L"(8&"01&(/%*(*&0/(%"(*("&#0"(F%H(*&0/(8%&'+&%+"(%&"+,8*#"&(/%
0,&#%&'(%Ea%+"(%/0"(1&(/%&#%&'(%*(*&0/(L:#+/0,5%1#$*:(K%WHb6X%='("(%&'(?%+"(%:#+/(/%
#,%.36L7% =0&'% &'(% +8808&+,1(% #-% 8(C("+:% +$0,#*(*&0/+8(8% +8% =(::% +8% &'(% $#:(14:(8%
&+*+80,2%Ea*SM%+,/%1+:"(&014:0,B@T2B@RF%G'0:(%+$0,#*(*&0/+8(8%+//0&0#,+::?% &"0$% &'(%OL
&("$0,0%#-%*(*&0/(8%&#%+**"#*"0+&(%80[(8%-#"%(--010(,&%.36L7%D0,/0,52%&+*+80,2%Ea*SM%+,/%
1+:"(&014:0,%$(/0+&(%8411(88-4:%-#"$+&0#,%#-%*.36%1#$*:(K(8B@RF%
U'(% *"#1(88% &'"#45'% ='01'%.36L7% +"(% (K*"(88(/2% -#:/(/% +,/% :#+/(/% =0&'% +,&05(,01%
*(*&0/(8%0,%&'(%Ea%08%&05'&:?%$#/4:+&(/%D?%8(C("+:%1'+*("#,(%*"#&(0,8F%!0"8&2%&'(%.36L7%
'(+C?% 1'+0,% D0,/8% &#% 1+:,(K0,% &'+&% 8&+D0:0[(8% &'(% ,(=:?% 8?,&'(80[(/% '(+C?% 1'+0,% +,/%
(,+D:(8% &'(% (,5+5($(,&% #-% &'(% '(+C?% 1'+0,%=0&'% &'(% w@$% 84D4,0&F%I*#,%D0,/0,5% &#%
w@$2% 1+:,(K0,% /088#10+&(8% -"#$% &'(% '(+C?% 1'+0,% +,/% 08% "+*0/:?% "(*:+1(/% D?% &'(% Hb6%
*"#&(0,8%1+:"(&014:0,%+,/%&+*+80,F%U+*+80,%D0,/8%&#%D#&'%.36L7%+,/%U>H%D"0,50,5%&'($%
&#5(&'("%+,/%&'48%(,+D:0,5%(--010(,&%*(*&0/(%:#+/0,5B@SF%6+:"(&014:0,%D0,/8%&#%&'(%.36L7%
'(+C?%1'+0,%+,/%1#,&"#:8%&'(%f4+:0&?%#-%&'(%-#"$(/%*.36%1#$*:(KF%.36L7%8411(88-4::?%
:#+/(/%=0&'%*(*&0/(%08%-0,+::?%"(:(+8(/%D?%&'(%Hb6%0,%#"/("%&#%D(%&"+,8*#"&(/%&#%&'(%1(::%
84"-+1(%&'"#45'%&'(%g#:50%+**+"+&48F%%%
!"-"$"? 7@@A/,90,+&)6,@&'
.+$$+:0+,% *"#&(+8#$(8% 1+,% D(% 1#,8&"41&(/% D?% +% C+"0+D:(% (,8($D:(% #-% 84D4,0&82%
"(84:&0,5% 0,%+:&("(/%"(54:+&#"%+--0,0&0(82%84D8&"+&(%8*(10-010&?%+,/%1:(+C+5(%*"(-("(,1(8%
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B@iLB@QF% G'0:(% 8&+,/+"/% *"#&(+8#$(8% +"(% 1#,8&0&4&0C(:?% (K*"(88(/% 0,% +::% 1(::8% #-% +,%
#"5+,08$2%0$$4,#*"#&(+8#$(8%+"(%8*(10-01+::?%(K*"(88(/%0,%0$$4,(%"(:(C+,&%1(::8%+,/%
1+,% D(% 0,/41(/% D?% 7!OL#% 0,% +::% #&'("% 1(::8F% J#&'% 8&+,/+"/% *"#&(+8#$(8% +,/%
0$$4,#*"#&(+8#$(8%1+,%1:(+C(%4D0f40&0,+&(/%*"#&(0,8%+,/%*"#/41(%.36L7L"(8&"01&(/%
(*0&#*(8F%3#=(C("%84D8&"+&(%8*(10-010&?2%1:(+C+5(%*"(-("(,1(82%1:(+C+5(%(--010(,1?%+,/%
(C(,&4+::?%*(*&0/(%"(*("&#0"(%1+,%/0--("%/"+$+&01+::?%+8%+%"(84:&%#-%84D8&0&4&0#,8%0,%&'(%
1+&+:?&01%wL84D4,0&8%0,%&'(%1#,C(,&0#,+:%*"#&(+8#$(%=0&'%&'(%w@0%W.Eb6BX%+,/%&'(%.36%
1:+88% 77% 5(,(% :#10L(,1#/(/% wB0% Wb.H@X% +,/% wS0% Wb.HMX% 84D4,0&8B@P2BTAF% U'(%
0$$4,#*"#&(+8#$(% 1:(+C(8% +,&05(,8% 0,&#% i% &#% TA% +$0,#% +10/8% :#,5% *(*&0/(8% +,/%
/08*:+?8%+,%(,'+,1(/%:(C(:%#-%+,&05(,%&4",#C("%=0&'%+%8(:(1&0C(%*"(-("(,1(%-#"%D+801%#"%
'?/"#*'#D01% +$0,#% +10/8% +&% &'(% 1+"D#K?:% &("$0,+:% #-% &'(% *"#/41(/% *(*&0/(8F% !#"%
(K+$*:(2%='0:(%+,&05(,%*"#1(880,5%#-% &'(% :?$*'#1?&01%1'#"0#$(,0,50&08%C0"48% Wb6.jXL
/("0C(/%0$$4,#/#$0,+,&%$#48(%.36L7%3L@)DL"(8&"01&(/%(*0&#*(%5*TT%08%"(54:+&(/%D?%
&'(%0$$4,#*"#&(+8#$(%84D4,0&%wS0%Wb.HMX2%+,&05(,%*"#1(880,5%#-%&'(%84D/#$0,+,&%3L
@)DL"(8&"01&(/% b6.j% (*0&#*(% 5*@Mi% 08% ,(5+&0C(:?% +--(1&(/% D?% &'(% *"(8(,1(% #-% &'(%
0$$4,#*"#&(+8#$(BTBF% <0$0:+"% /0--("(,&0+:% +,&05(,% *"#1(880,5% *+&&(",8% 1+,% +:8#% D(%
/(&(1&(/% -#"% .36L7L"(8&"01&(/% U>>8F% G'0:(% +,&05(,% *"#1(880,5% #-% &'(% 3b>LJRAL
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08% *##":?% 1:(+C(/% D?% &'(% 0$$4,#*"#&(+8#$(% D4&% 8411(88-4::?% *"#1(88(/% D?% &'(%
*"#&(+8#$(BTTF%U'482%&'(%#D8("C(/%/0--("(,&0+:%+,&05(,%*"#1(880,5%+,/%*"(8(,&+&0#,%#-%
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0$*#"&+,1(%#-%(*0&#*(%8(:(1&0#,%-#"%-4&4"(%*(*&0/(%C+110,+&0#,%8&"+&(50(8%80,1(%+D8(,1(%
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"(*("&#0"(%#-%.36%1:+88% 7L"(8&"01&(/%*(*&0/(8F% wS&L/(*(,/(,&% 1'+,5(8% 0,% &'(%*(*&0/(%
"(*("&#0"(%'+C(%+,%(88(,&0+:%0$*+1&%#,%#*&0$+:%*#80&0C(%8(:(1&0#,2%+,/%+"(%"(f40"(/%-#"%
&'(% 5(,("+&0#,% #-% +,% 0$$4,#1#$*(&(,&% 6)Qm% U% 1(::% "(*("&#0"(% 80,1(% 6)Qm% U% 1(::8%
5(,("+&(/% 0,% &'(% +D8(,1(% #-% wS&% /08*:+?(/% 0$*+0"(/% +::#"(+1&0C0&?% +,/% +,&0LC0"+:%
"(8*#,8(8BTSF%>//0&0#,+::?2%0&%08%+:8#%C("?%0,&("(8&0,5%&#%8((%&'+&%U%1(::8%&'+&%+"(%8*(10-01%
&#%+%1("&+0,%*(*&0/(%"(*("&#0"(%8'+*(/%D?%wS&%+,/%8(:-L.362%1+,%8411(88-4::?%*"#1((/%
&'"#45'%&'(%*#80&0C(%8(:(1&0#,BTiF%
%%
%
Bi%
!"-"$"- :/+1;&/'*0,66890&6&/+)+1,/'
U'(% $+]#"0&?% #-% +,&05(,8% *"(8(,&(/% D?% .36L7% +"(% 5(,("+&(/% &'"#45'% *"#&(+8#$(L
/(*(,/(,&%1:(+C+5(%#-%4D0f40&0,+&(/%*#:?*(*&0/(8%#"050,+&0,5%-"#$%1?&#8#:01%*"#&(0,82%
/(-(1&0C(%"0D#8#$+:%*"#/41&8%W)a0H8XBTM2%+:&(",+&0C(%"(+/0,5%-"+$(8%+,/%4,&"+,81"0*&(/%
"(50#,8%#-%5(,(82%*"#C0/0,5%+%C+"0+D:(%"+,5(%#-%+,&05(,8%&#%6)Qm%U%1(::8BTQF%3#=(C("2%0&%
8'#4:/% +:8#% D(% ,#&(/% &'+&% +,% +:&(",+&0C(% *'(,#$(,#,% ;,#=,% +8% +,&05(,% 1"#88L
*"(8(,&+&0#,%1+,%&+;(%*:+1(%='("(%(K#5(,#48%+,&05(,82%0,%+//0&0#,%&#%1#,8&0&4&0,5%&'(%
$+0,%8#4"1(%-#"%&'(%.36L77%*+&'=+?2%+"(%*"(8(,&(/%D?%.36L7F%U"+,8-("%#-%(K#5(,#48%
*(*&0/(%+,&05(,8%&#%&'(%1?&#8#:%+::#=8%841'%-"+5$(,&8%&#%D(%&"+,8-(""(/%&#%&'(%Ea%D?%
U>HF% >$0,#*(*&0/+8(8% 1+,% &'(,% &"0$% &'(8(% (K#5(,#48% (*0&#*(8% &#% &'(% +**"#*"0+&(%
.36L7%D0,/0,5%80[(8%8#%&'+&%&'(?%1+,%-0,+::?%D(%*"(8(,&(/%#,%&'(%1(::%84"-+1(%D?%.36L7%
+,/%0,/41(%6)Qm%U%1(::%"(8*#,8(8F%>,&05(,%1"#88L*"(8(,&+&0#,%$(/0+&(/%D?%*"#-(880#,+:%
>H682%841'%+8%)682%J%1(::8%+,/%$+1"#*'+5(82%*:+?8%+,%(88(,&0+:%"#:(%0,%D#&'%&'(%"+*0/%
0,0&0+&0#,%#-%+,&05(,L8*(10-01%U%1(::%"(8*#,8(8%+,/%&'(%1#,&"#:%#-%1(,&"+:%+,/%*("0*'("+:%
&#:("+,1(2%+%*'(,#$(,#,%;,#=,%+8%_1"#88L&#:("+,1(`F%U'482%+,&05(,%1"#88L*"(8(,&+&0#,%
*:+?8% +% C("?% 0$*#"&+,&% "#:(% 0,% $+0,&+0,0,5% 0$$4,#:#501+:% /(-(,8(% +5+0,8&% C0"48(82%
D+1&("0+%+,/% &4$#"8F% <#$(%#-% &'(%1"#88L*"(8(,&(/%+,&05(,8% 1+,%+:8#%D0,/%/0"(1&:?% &#%
.36L7% 0,% (,/#8#$(8% +,/% 8;0*% &'(% U>HL/(*(,/(,&% 1?&#8#:01% *+&'=+?F% U'08% -(+&4"(%
+::#=8%&'(%'#8&%&#%5(,("+&(%+,/%*"(8(,&%+,%+:&(",+&0C(%"(*("&#0"(%#-%.36L7L"(8&"01&(/%
(*0&#*(82%#C("1#$0,5%0$$4,(%(C+80#,%8&"+&(50(8%48(/%D?%1("&+0,%C0"48(8%&'+&%0,'0D0&%#"%
84**"(88%1:+8801+:%+,&05(,%*"#1(880,5BTPLBR@F%
!"-"$"# C:D81/%&9&/%&/+'90,*&661/;',('2348780&6+01*+&%'&91+,9&6'
U'(%1:+8801+:%*+&'=+?%#-%.36L7L"(8&"01&(/%+,&05(,%*"(8(,&+&0#,%1#$*"08(8%1:(+C+5(%#-%
1?&#8#:01% *"#&(0,8% D?% *"#&(+8#$(8% -#::#=(/% D?% U>H% 1#$*:(KL$(/0+&(/% &"+,8*#"&% #-%
*(*&0/(%+,&05(,8%&#%&'(%Ea%='("(%*(*&0/(8%+"(%:#+/(/%#,%.36L7%+&%&'(%Hb6F%3#=(C("2%
U>HL0,/(*(,/(,&% *+&'=+?8% -#"% *"#1(880,5% +,/% *"(8(,&+&0#,% #-% .36L7L"(8&"01&(/%
*(*&0/(8% +:8#% (K08&F% >,&05(,% 1"#88L*"(8(,&+&0#,2% /(81"0D(/% +D#C(2% "(*"(8(,&8% #,(%
*#880D:(% 5+&(=+?% -#"% U>HL0,/(*(,/(,&% (K*"(880#,% #-% (K#5(,#48% (*0&#*(8% &'+&% +"(%
/0"(1&:?% :#+/(/% &#% .36L7% "(80/0,5% 0,% (,/#8#$(8BRT2BRRF% .#"(#C("2% .36L7L"(8&"01&(/%
*(*&0/(8% 1+,% +:8#% D(% *"#1(88(/% +,/% *"(8(,&(/% 0,/(*(,/(,&:?% -"#$% +,&05(,% 1"#88L
*"(8(,&+&0#,% (C(,% &'#45'% U>H% :(C(:8% +"(% 84**"(88(/F% <05,+:% *(*&0/(8% /("0C(/% -"#$%
$($D"+,(%#"% 8(1"(&(/% *"#&(0,8% 1+,% D(% 1:(+C(/%D?% EaL:#1+&(/% 805,+:% *(*&0/+8(8% +,/%
805,+:% *(*&0/(% *(*&0/+8(8% &'+&% (,+D:(% /0"(1&% :#+/0,5% #-% *(*&0/(8% #,%.36L7% &'"#45'%
/0"(1&%"(:(+8(%0,&#%&'(%EaBRSLBRMF%!#"%(K+$*:(2%&'(%3b>L>@L"(8&"01&(/%U>>%W.bb>jby6bX%
/("0C(/% -"#$% &'(% 805,+:% 8(f4(,1(% #-% &?"#80,+8(% 08% *"(8(,&(/% #,% $(:+,#$+% 1(::8%
&'"#45'%841'%+%U>HL0,/(*(,/(,&%*+&'=+?BRQF%
7,&("(8&0,5:?2% +% 4,0f4(% 1+&(5#"?% #-% 6Ub8% &'+&% 1+,% &+"5(&% +:&(",+&0C(%.36L7L"(8&"01&(/%
"(*("&#0"(8%#-%8(:-L*(*&0/(%(*0&#*(8%*"(8(,&(/%D?%1(::8%=0&'% 0$*+0"(/%U>H2% &+*+80,%#"%
*"#&(+8#$(%-4,1&0#,8%'+8%D((,%"(1(,&:?%0/(,&0-0(/BRPLBSBF%%U%1(::%(*0&#*(%+88#10+&(/%=0&'%
0$*+0"(/%*(*&0/(%*"#1(880,5%WUE7HHX%1#,8&0&4&(8%+%5"#4*%#-%0$$4,#5(,01%,(#L+,&05(,8%
%%
%
BM%
&'+&% +"(%,#&%*"(8(,&(/%D?%,#"$+:% 1(::8F%.#"(#C("2% 0&% '+8%D((,% 1:(+":?%/($#,8&"+&(/%
&'+&% UE7HHL8*(10-01% 6Ub% "(8*#,8(8% "(84:&% 0,% 8(:(1&0C(% ("+/01+&0#,% #-% U>HL/(-010(,&%
&4$#"8%1/'E1E,F%U'(%(K08&(,1(%#-%UE7HH%+,/%U>HL0,/(*(,/(,&%.36L7L"(8&"01&(/%(*0&#*(%
"(*("&#0"(8% '05':05'&8% &'(% (K08&(,1(% #-% +:&(",+&0C(% /(-(,8(% $(1'+,08$8% &#=+"/8%
*+&'#5(,8% +,/% &4$#"82% (8*(10+::?% ='(,% U>HL$(/0+&(/% +,&05(,% *"#1(880,5% 08%
/0$0,08'(/%#"%0,'0D0&(/F%U'08%"(*("&#0"(%#-%U>HL0,/(*(,/(,&%.36L7L"(8&"01&(/%*(*&0/(8%
$+?%"(*"(8(,&%+,%(K1(::(,&%&+"5(&%-#"%&'(%/(805,%#-%,#C(:%+:&("(/%*(*&0/(8%-#"%*(*&0/(L
D+8(/%&'("+*(4&01%+**"#+1'(8F%
1.5.3 Post-translational modifications 
H#8&L&"+,8:+&0#,+:%$#/0-01+&0#,8%WHU.8X%$+?%"(84:&%0,%&'(%*"#/41&0#,%#-%.36L"(8&"01&(/%
,(#L+,&05(,8% &'+&% 1+,% &"055("% ,#C(:^/0--("(,&% U% 1(::% "(8*#,8(8% +,/% 1+,% +C#0/% &'(%
1#,8&"+0,&8% #-% 0$$4,#:#501+:% 8(:-L&#:("+,1(F% 7,-(1&0#,2% 0,-:+$$+&0#,2% 1(::4:+"%
&"+,8-#"$+&0#,2%1(::%/(+&'%#"%+:&("(/%805,+:0,5%*+&'=+?8%$+?%+--(1&% &'(% -"(f4(,1?%#-%
HU.8% &'+&% $+?% "(84:&% 0,% 1'+,5(8% 0,% *(*&0/(% "(*("&#0"(% *"(8(,&(/% D?% >H68BS@LBSiF%
>//0&0#,+::?2%HU.8%1+,%+:8#%D(%48(/%D?%D+1&("0+:%+,/%C0"+:%*+&'#5(,8% &#%1#$*"#$08(%
1"0&01+:% 0$$4,(% "(8*#,8(8% +,/% '#8&% -+1&#"8% +5+0,8&% 0,-(1&0#,BSM2BSQF% 7&% '+8% D((,%
/($#,8&"+&(/%&'+&%8(C("+:%;0,/8%#-%HU.8%841'%+8%/(+$0/+&0#,BSP2%1?8&(0,?:+&0#,BiA2BiB2%
5:?1#8?:+&0#,Bi@2BiT2% *'#8*'#"?:+&0#,BiR2BiS% #"% ,0&"#&?"#80,+&0#,Bii% $+?% +--(1&% U% 1(::%
0$$4,#"(+1&0C0&?2% "(84:&0,5% 0,% 0$$4,(% (81+*(% +,/^#"% 0,0&0+&0#,% #-%
+4&#0$$4,0&?BS@2BiM2BiQF%!#"%(K+$*:(2%d+8#,%>F%U?(L)0,%+,/%a#D("&%HF%>,/("8#,%"(1(,&:?%
+,+:?[(/%BiFAAA%*#&(,&0+::?%&#K01%*(*&0/(8%/("0C(/%-"#$%='(+&2%D+":(?%+,/%"?(%0,%#"/("%
&#%0/(,&0-?%0$$4,#5(,01%(*0&#*(8%&'+&%$+?%D"(+;%&#:("+,1(%+,/%1+48(%1(:0+1%/08(+8(F%
U'08% 8&4/?%/($#,8&"+&(/% &'+&%$#8&%#-% &'(%U% 1(::8%=("(% 8*(10-01% -#"%#,:?% &'"((%#-% &'(%
0,C(8&05+&(/% *(*&0/(82% *"#C0/0,5% +% 1:(+"% (K+$*:(% -#"% 0$$4,#/#$0,+,1(% +,/% &'(%
:0$0&(/% /0C("80&?% #-% 0$$4,#5(,01% (*0&#*(8F% >//0&0#,+::?2% 3+"/?% &+' )5% "(1(,&:?%
/($#,8&"+&(/% &'+&% 1#,C("80#,% #-% &'(% &?"#80,(% "(80/4(% W*RyX% #-% b6.jL/("0C(/%
0$$4,#/#$0,+,&% 3L@)DL"(8&"01&(/% (*0&#*(% 5*TT% W9>jyO!>U6X% &#% +% ,0&"#&?"#80,(%
805,0-01+,&:?%+--(1&(/%"(1#5,0&0#,%#-%3L@)D^5*TT%8*(10-01%U%1(::8BiiF%G(%*"#C0/(%0,%H>HEa%
7%&'(%4,/(":?0,5%D0#1'($01+:%+,/%8&"41&4"+:%D+808%-#"%&'(8(%#D8("C(/%-4,1&0#,+:%(--(1&8F%
<0$0:+":?% &#% U>HL0,/(*(,/(,&% +,/% UE7HH% (*0&#*(82% HU.%(*0&#*(8% 1+,% +:8#% *:+?% +% ;(?%
"#:(% 0,% 0$$4,(% 84"C(0::+,1(BS@2BiQF% <0,1(% HU.% (*0&#*(8% $+?% 1#,8&0&4&(% +% ,#C(:%
"(*("&#0"(%#-%+,&05(,82%0&%$05'&%D(%*#880D:(%&#%48(%&'(8(%+8%,#C(:%1+,/0/+&(8%-#"%-4&4"(%
+&&($*&8%&#%&+"5(&%0,-(1&(/%#"%+:&("(/%1(::8F% 
1.6 MHC-I RESTRICTED EPITOPES 
1.6.1 Epitope discovery 
7,0&0+::?%.36L7%"(8&"01&(/%(*0&#*(8%=("(%0/(,&0-0(/%&'"#45'%*(*&0/(%(:4&0#,%-#::#=(/%D?%
8(f4(,10,5%480,5%$+88%8*(1&"#$(&"01%$(&'#/82% :(+/0,5%&#%&'(% 0/(,&0-01+&0#,%#-%+::(:(L
8*(10-01% D0,/0,5% $#&0-8% -#"% .36L7% "(8&"01&(/% +,&05(,8BiPF% J+8(/% #,% &'08% 0,-#"$+&0#,2%
%%
%
BQ%
8(f4(,1(LD+8(/% 1#$*4&+&0#,+:% *(*&0/(% *"(/01&0#,% +:5#"0&'$8% ($("5(/% +::#=0,5% -#"%
&'(% /081#C("?% #-% 8(C("+:% +//0&0#,+:% .36% +::(:(L8*(10-01% *(*&0/(% (*0&#*(8BBi2BMALBM@F%
3#=(C("2% +:&'#45'%C("?% 8411(88-4:% 0,% 0/(,&0-?0,5% :+"5(%+$#4,&8%#-%,#C(:%(*0&#*(8BBi2%
&'08%+**"#+1'%+:8#%1+""0(8% 0,&"0,801%D0+8(8%80,1(% 0&%#,:?%+::#=8% -#"% &'(% 0/(,&0-01+&0#,%#-%
(*0&#*(8%=0&'%#*&0$+:%+,1'#"% "(80/4(8F% !#"%(K+$*:(2%$4"0,(%.36L7%$#:(14:(%3L@)DL
"(8&"01&(/%(*0&#*(8%5(,("+::?%$+;(%48(%#-%1("&+0,%+$0,#%+10/8%+&%*#80&0#,8%@2%S%+,/%+&%
&'(%6L&("$0,+:%*+"&%#-% &'(%*(*&0/(% -#"%#*&0$+:%*(*&0/(%D0,/0,5F% U'08%*"#-0:(%#-%3L@)D%
"(8&"01&(/% (*0&#*(8% :(+/8% &'(% 1#$*4&+&0#,+:% *(*&0/(% *"(/01&0#,% +:5#"0&'$8% &#% 8(+"1'%
-#"%1("&+0,%+$0,#%+10/8%+&%8*(10-01%*#80&0#,8%841'%+8*+"+50,(%WOX%+&%*(*&0/(%*#80&0#,%S%
W*SXF% >8% +% "(84:&% #-% &'082% 841'% +:5#"0&'$8% *"(/01&% '05'("% *(*&0/(% D0,/0,5% 81#"(8% -#"%
*(*&0/(% -"+5$(,&8% 1#,&+0,0,5% 1#,C(,&0#,+:% *(*&0/(% D0,/0,5% $#&0-8% ='0:(% &'(%
0/(,&0-01+&0#,%#-%4,1#,C(,&0#,+:%(*0&#*(8%$+?%D(%8'+/#=(/F%.#"(#C("2%&'(%*"(8(,1(%
#-%&'08%$#&0-%/#(8%,#&%+:=+?8%54+"+,&((%(--010(,&%D0,/0,5%#-%&'(%0/(,&0-0(/%*(*&0/(8%&#%
.36%#"%&'(0"%*"#1(880,5F%7,/((/%+%:+"5(%"+,5(%#-%&'(%0/(,&0-0(/%(*0&#*(82%*"(/01&(/%&#%
D0,/% =0&'% '05'% +--0,0&?% &#% &'(0"% 1#5,+&(% .362% /#% ,#&% D0,/% +&% +::% +,/^#"% +"(% ,#&%
*"#1(88(/%,+&4"+::?F% 7,% :0,(%=0&'% &'082%#4"% "(8(+"1'%5"#4*%'+8%/($#,8&"+&(/% &'+&% &'(%
$(:+,#$+L+88#10+&(/% 3L@)DL"(8&"01&(/% (*0&#*(% 5*BAA@SLTT%WEg<aOn)GbX% D0,/8% C("?%
=(+;:?%&#%3L@)D%/(8*0&(%&'(%-+1&%&'+&% 0&%1#,&+0,8%+::% &'(%*"(-(""(/%+,1'#"%"(80/4(8BBQF%
U+;(,%&#5(&'("2%&'(8(%/+&+%0,/01+&(%&'+&%0/(,&0-01+&0#,%#-%(*0&#*(8%"(*"(8(,&8%+%$4:&0L
-+1(&(/% 1'+::(,5(% &'+&% ,((/8% &#% &+;(% 0,&#% +11#4,&% &'(% ='#:(% "+,5(% #-% *#&(,&0+:%
0,&("+1&0#,8%D(&=((,%&'(%*(*&0/(%+,/%&'(%.36F%.#"(#C("%0&%08%(88(,&0+:%&#%(K&(,80C(:?%
$+;(% 48(% #-% *(*&0/(% (:4&0#,% +,/2% $#"(% 8(,80&0C(%$+88% 8*(1&"#$(&"?% +**"#+1'(8% 0,%
#"/("% &#% 0/(,&0-?%,#C(:%(*0&#*(8%$#"(%*"(108(:?%+,/% &#% 0$*"#C(% &'(%(--010(,1?%#-% &'(%
14""(,&:?%+C+0:+D:(%*(*&0/(%*"(/01&0#,%&##:8F%%
1.6.2 Viral epitopes 
<(C("+:% C0"48% *"#&(0,8% (K*"(88(/% /4"0,5% 0,-(1&0#,8% +"(% *"#1(88(/% D?% *"#&(+8#$(82%
0$$4,#*"#&(+8#$(8%+,/%#&'("%+:&(",+&0C(%*"#1(880,5%*+&'=+?82% "(84:&0,5% 0,% 84"-+1(%
*"(8(,&+&0#,% #-% .36L7L"(8&"01&(/% *(*&0/(8% =0&'% C+"0+D:(% +--0,0&0(8F% j0"48L+88#10+&(/%
.36L7% "(8&"01&(/% 0$$4,#5(,01% (*0&#*(8% 1+,%/08*:+?% +% "(:+&0C(:?% '05'% +--0,0&?% &#% &'(0"%
1#5,+&(% .36% $#:(14:(82% (--010(,&:?% 8&+D0:0[0,5% *.368F% >8% &'(8(% +,&05(,8% +"(%
&'(#"(&01+::?%,#&%*"(8(,&(/%0,%&'(%&'?$48%+,/%+8%U%1(::8%8*(10-01%&#%.36^C0"+:%*(*&0/(%
1#$*:(K(8%+"(%,#&%,(5+&0C(:?%8(:(1&(/%/4"0,5%U%1(::%/(C(:#*$(,&2% 0&% 08%'05':?%*#880D:(%
&'+&%+%805,0-01+,&%+$#4,&%#-%U%1(::8%=0&'%'05'%8*(10-010&?%&#%&'(8(%-#"(05,%+,&05(,8%+"(%
+C+0:+D:(%+,/%1+,%D(%(--010(,&:?%+1&0C+&(/F%3#=(C("2%/(8*0&(% &'(% 0,&"0,801%*#&(,&0+:% &#%
1"(+&(%+%C("?%D"#+/%U%1(::%"(*("&#0"(%=0&'%&'(%1+*+10&?%&#%"(1#5,0[(%+%=0/(%C+"0(&?%#-%
(*0&#*(82%:+"5(%*+"&8%#-%&'(%0$$4,(%"(8*#,8(8%+"(%*+"&014:+":?%-#148(/%#,%&'(%8#L1+::(/%
0$$4,#/#$0,+,&%(*0&#*(82%='01'%484+::?%"(*"(8(,&%#,:?%+%C("?%8$+::% -"+1&0#,%#-% &'(%
(,&0"(%(*0&#*(%8*(1&"4$BMTLBMSF%U'08%*"#1(88%50C(8%"08(%&#%U%1(::8%1:#,(8%&'+&%+"(%'05':?%
8*(10-01%-#"%.36%+::(:(8%0,%1#$*:(K%=0&'%0$$4,#/#$0,+,&%*(*&0/(8F%%
%%
%
BP%
7$$4,#/#$0,+,&%(*0&#*(8%+"(%5(,("+::?%+D:(% &#%(:010&% +,%(,&0"(% "+,5(%#-% 1?&#&#K01%U%
:?$*'#1?&(% W6UbX% "(8*#,8(8% 0,1:4/0,5% 1?&#;0,(% *"#/41&0#,2% *"#:0-("+&0#,% +,/%
1?&#&#K010&?% +,/% +"(% &'48% 1:+880-0(/% +8% %5)"(+'/ -;(');-+BBMF% 3#=(C("2% 8(:(1&0C(% U% 1(::%
*"(884"(% #,% &'(8(% -(=% +5#,08&% (*0&#*(8% 1+,% "(84:&% 0,% &'(% ($("5(,1(% #-% C0"+:% (81+*(%
$4&+&0#,8% &'+&% +D"#5+&(% 6Ub% "(1#5,0&0#,% +,/% :(+/% &#% (81+*(% -"#$% 0$$4,(%
84"C(0::+,1(BMiF% j0"+:% (81+*(% $4&+&0#,8% 1+,% D(% 1:+880-0(/% +8% W-%E*%5)"(+'+% 0-% &'(%
0,&(,80&?% #-% U% 1(::% "(8*#,8(8% 08% "(/41(/F%.#8&% 0$*#"&+,&:?2% 0-% &'(%$4&+&0#,8% :(+/% &#%
1#$*:(&(%+D"#5+&0#,%#-%+::%6Ub%"(8*#,8(82%&'(%$4&+&(/%*(*&0/(8%+"(%1:+880-0(/%+8%@(0%$/
-+,%;-/ -;(');-+% +,/% 0-% &'(?% 0,&("-("(% +,/% /0$0,08'% U% 1(::% "(8*#,8(8% &#% &'(% +5#,08&%
*(*&0/(2% &'(?%+"(% 1:+880-0(/%+8%%"'%5)"(+'/ -;(');-+RTF%>//0&0#,+::?2% 8#$(%C0"+:% (81+*(%
$4&+&0#,8%1+,%1#$*:(&(:?%/0$0,08'%&'(%+,&05(,010&?%#-%&'(%(*0&#*(%+,/%1#,C("&%&'($%&#%
5'#8&%*(*&0/(8%W"7$$/-;(');-+X%='("(%U%1(::8%8*(10-01%&#%0$$4,#/#$0,+,&%*.36%1+,%,#%
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1.7.1 Kinetics and thermodynamics of TCR and MHC/peptide interactions 
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*#80&0C(% 8(:(1&0#,% 0,% &'(% &'?$482% ='01'% 08% +:8#% *(*&0/(L/(*(,/(,&% +,/% 1+,% D(%
0,-:4(,1(/%D?%D#&'%&'(%/(,80&?%#-%&'(%*.36%1#$*:(K2%+8%=(::%+8%&'(%+--0,0&?%#-%&'(%U6a%
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&'(% 1#,-#"$+&0#,+:% -0,(L&4,0,5% #-% U6a% 6)a% :##*8@iA2TABF%.#"(% 8*(10-01+::?2% /4"0,5% &'(%
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>i%U6a%+,/%0&8%'4$+,%UL1(::%:?$*'#&"#*01%C0"48%W3UbjLBXL/("0C(/%1#5,+&(%*(*&0/(%U+K%
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1.8 ALTERED PEPTIDE LIGANDS (APL) AND PEPTIDE DESIGN 
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